The ground state rotational spectrum of the trans n-propanol (CH3CH2CH2OH) has been reinvestigated expanding the frequency region, with respect to a previous study, from 8 to 40 GHz. A centrifugal distortion analysis has been carried out by measuring new transitions, including transitions not observed before. The potential barrier V3 to the methyl top internal rotation has been determined from fourteen transitions which were found split into doublets. V3 is 2730 ± 60 cal/mole, < (», a) = 29° ± 1°, assuming Ia = 3.193 uA 2 .
I. Introduction
A previous microwave study of n-propanol confirmed the existence of two rotational isomers separated by 0.29 ±0.15 kcal/mole, the gauche form being more stable than the trans form [1] [2] [3] [4] [5] .
For both these conformers a set of ground state rotational constants were evaluated. The inertial quantity / a + i& -I c for the trans conformer resulted in agreement with the assumed structure having a plane of symmetry. From the splittings of lines in the first excited state of the methyl top internal rotation of both the gauche and the trans form, the V3 barrier was calculated to be:
Vz (gauche) = 2876 ± 50 cal/mole and F 3 (trans) = 3084 ± 50 cal/mole.
The determination of the electric dipole moment of the trans conformer indicated the existence of a small component /u a = 0.21 ±0.07 D, in addition to fib = 1.54 ± 0.02 D. The low value of the fi & dipole moment component prevented the detection of the corresponding /Za-spectrum. Moreover, the high metyl top internal rotation barrier did not allow, for both the conformers, any observation of split lines in the ground state even if this possibility, for the trans form, was not theoretically ruled out [6] .
In view of the microwave-microwave double resonance (MWMWDR) facilities in this laboratory and of the high resolution achievable by the recently in use Fourier transform microwave spectroscopy (FTMWS), a ground state reinvestigation of the trans form was undertaken. The following analyses were considered within our instrumental capabilities. First, a centrifugal distortion analysis following measurements of new lines, including // a -lines. Second, an internal rotation analysis from A-E splittings which could possibly be resolved. The importance of determining the internal rotation barriers in the ground state has been discussed elsewhere [7] . It is related to the absence, in the Hamiltonian, of terms of the type #IR, v from the coupling of the internal rotation (IR) with some other close by vibration (V).
II. Experimental
Different spectrometers and techniques were employed to record and interpret the spectrum of trans n-propanol.
A conventional microwave spectrometer with a 33 kHz Stark modulation and BWO's as stabilized sources from 8 to 40 GHz [8, 9] was extensively used throughout the investigation.
Micro wave-radiofrequency double resonance, using a set up as in [10] , failed to produce signals due to insufficient saturation of the K-doublet pump transitions. On the other hand microwavemicrowave double resonance was very successful. The instrumental configuration was the same as that described in [11] , with an extended pump frequency range up to 26.4 GHz by a Hughes 1077H11000 TWT [12] . Experiments were performed either to check the assignment and/or to 0340-4811 / 81 / 0900-0967 $ 01.00/0. -Please order a reprint rather than making your own copy. find new transitions. In Fig. 1 an example is shown, where the weak // a -transition (pump) was stepwise located by on-ofF resonance effect on the swept /ubtransition (signal). The same // a -transition could not be detected by any other technique, here described. A Fourier transform microwave spectrometer, as described in [13] , was used in the frequency region between 8 and 18 GHz, and Fig. 2 shows a well resolved doublet with components having a FWHM of 140 kHz.
The sample of n-propanol was supplied by Merck. The cell was cooled to -40 or -50 °C and the pressure of the gas was 20 or 1 mTorr, the lower limits referring to FTMWS.
Frequency measurements on the ^b-bnes are believed to be accurate to within 50 kHz, while for the weak /^a-lines the error is probably a few times these values.
III. Centrifugal Distortion Analysis
The transitions reported in Ref. [2] were remeasured with one order of magnitude higher accuracy and new ^b-transitions were measured. With respect to the previous measurements the transition LL3;9 -122,IO was assigned to the line at 23850.21 MHz, and the transition 02,3 -61,6 was not confirmed and, in consideration of the intensity, not reassigned. Some lines were found split into doublets due to the internal rotation of the methyl top.
A few ^-transitions were observed by Stark spectroscopy in the frequency region between 26.4 and 40 GHz. In the 8 to 26.4 GHz region the /LI & -transitions were measured by stepwise locating them as pumps in MWMWDR experiments or by FTMWS. The observation of these // a -lines provided evidence for the small non vanishing /Un dipole moment component and allowed the application of frequency sum rules involving /Zb-transitions. Table 1 lists all the transitions which were used in the centrifugal distortion analysis. In cases of split lines (< 1 MHz) the average frequency of the two components was taken as pseudo rigid rotor frequency. It was calculated by internal rotation analysis that this approximation introduces an error which is within the experimental accuracy of the measurements. The double resonance connections are given in and the determined parameters, with their standard errors, are shown in Table 3 . The standard deviation of the fit resulted to be 195 kHz. The largest, still acceptable, correlation coefficient is 0.906, connecting AJ and AJK • A tentative fit of the measured transitions to a Hamiltonian including terms up to the sixth order made the standard deviation drop to 89 kHz, but introduced a somewhat larger correlation among the parameters. It indicates, however, that terms beyond the fourth order give a contribution to the centrifugal distortion of this conformer, as to be expected by the rather large value of the A rotational constant.
IY. Internal Rotation Analysis
Since a number of -transitions were observed as doublets, see Table 4 , an internal rotation analysis was possible in the ground state of the trans conformation.
In the PAM method the following effective rotational Hamiltonian was used [16] : (2) where HR is the usual rotational Hamiltonian, F is the reduced rotational constant for the internal rotation, W^ are the nth order perturbation coefficients, which are dependent on the reduced barrier s, and Xa and are the direction cosines of the internal rotation axis with respect to the corresponding principal axes. Since this conformer has a plane of symmetry, then A c = 0 and X a is correlated to At). Only terms up to the second order were retained, since the higher order terms contribution was found negligible, in the present case. The truncation was further justified by an IAM method calculation [17] of the internal rotation splittings.
The observed A-E splittings made it possible to fit both the reduced barrier s and the direction cosine k a , fixing 7 a at the structure assumed value [3] . The standard deviation of the fit was 42 kHz and the correlation coefficient between the parameters 0.816. Results are shown in calculated angle <£ {i, a) is only slightly different from the structure assumed value 25.5°, which was used in the previous barrier calculation [6] , The barrier determined in this work is 350 cal/mole lower than that from Ref. [6] , and the small change in the angle allows for only 10% of the difference. The discussion of this point is deferred to part V. It was shown that the main source of error in the barrier determination comes from the uncertainty on I,x [18] . Eor trans n-propanol to a variation of 0.1 uA 2 in /a a 2% variation in the barrier value was calculated.
V. Conclusions
The present work has succeeded in performing those analyses which have been proposed in the Introduction as possible ones.
The rotational constants obtained are still within the uncertainty range of those previously reported [2] , but they are one order of magnitude more accurate.
The set of centrifugal distortion constants might undergo some change if higher J and higher K transitions were measured, but the weakness and crowdness of the spectrum make this extension look very time consuming.
The discrepancy between the value of the internal rotation barrier obtained from the ground state and that obtained from the first excited state of the methyl top internal rotation [6] may be explained in the following way. It is likely that this latter state, at 230 cm -1 [3] , interacts with some other low lying vibration, as the central C-C torsion appear to be. In trans propyl fluoride the second excited state of the central C-C torsion was found to be at 211 cm -1 [19] . The arising coupling term #IR,V, IN the Hamiltonian, has to be properly accounted for in order to make the barrier free from state dependency. In this respect the barrier determined in Ref. [6] has to be considered as an effective excited state barrier. The above conclusion is extendible to several other cases and it provides the motivation why some effort is spent, in this and other laboratories, to determine high internal rotation barriers from the ground state spectra [20, 21] .
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